1. Introduction. - HCI oxides in which chlorine is incorporated in the oxide during growth are sometimes used in MOS structures as a means of suppressing flatband voltage instabilities due to Na+ ion drift.
Previous reports [1, 2] have shown that partial or complete neutralization of the Na+ at the Si-Si02 interface can occur in these oxides. It is known [1, 3] that the neutralized ions are trapped much more strongly at this interface than are charged ions in normal dry oxides. One objective of this paper is to quantify the trap energies in HCI oxides and to describe the dependence on the oxide chlorine level so that subsequent Na detrapping at any temperature may be calculated. This is done by the method of Thermally Stimulated Ionic Currents (TSIC) [4, 5, 6] . The [4, 5] it is shown that the charged peak in dry oxides is due to lst order detrapping of Na+ ions from sites with a range of trap energies. The same methods may be used to investigate the neutral peak. That a single energy is insufficient to characterize the neutral peak is shown by performing the experiment of figure 2. The TSIC curve was interrupted halfway through the peak maximum, cooled and then reheated still at -ve bias. The form of the curve shows that the detrapping process cannot be characterized by a single energy and strongly suggests a range of energies. Analysing the data according to a distributed energy model in the way described in references [4, 5] figure 2 , the interrupted ramp curves may be accurately predicted given the temperature-time profiles.
In the no(E) plot (Fig. 2) figure 3 but sometimes with structure, extending down to about 1.0-1.15 eV. The stability of a device with respect to detrapping of neutralized ions at a field of -1 MV/cm may be calculated from no(E), using the kinetic equations of the model [4, 5] . A further set of experiments to measure the amount of neutralization as a function of time was performed on samples prepared in the way described by Kriegler and Devenyi [3] . The results are shown in figure 5 . The data was obtained from two types of experiment.
For times greater than 7 min the charged Na+ density was found after cooling to 220 K and measuring the C-V curve shift and also from a subsequent CI=4.9 x 1015 cm-2 ; 111 ), 5.4 % HCI at 1 150 °C for 30 min., 1 150 °C anneal only, Na + = 9 x 1011 cm-2, Cl = 5.6 x 101 S cm-2).
given by the final reading of the electrometer. This figure was verified by measuring a subsequent -ve bias TSIC curve. Figure 5 shows that the isothermal neutralization process cannot be described by a single time constant. The time required for, say, 50 % neutralization at 120 °C is much greater than the time constant of 4 s given by Kriegler and Devenyi [3] . The discrepancy may be because their measurements were confined to short times and the results were interpreted assuming a single time constant. The tangent slope near the origin in figure 5 corresponds to a time constant of less than 90 s. Some results at 150 °C are shown also. The data of figure 5 indicates that a range of activation energies is involved but there is not sufficient data, however, for reliable estimation of the energies and pre-exponential factors. 4 . Conclusion. - The measurements of the no(E) profile for the neutral Na+ traps enable quantitative assessments to be made of the stability of HCI oxides with respect to detrapping of the Na+ from the Si-Si02 interface. Neutralization in samples regarded as providing relatively good passivation is shown to occur much more slowly than previously suggested and with a range of time constants at a given temperature.
